The Hispanic population in the United States experiences differences in incidence and outcomes of a number of diseases, notably diabetes and cancer, compared with the nonHispanic population (1, 2) . Health research focusing on Hispanics is needed, but methodological challenges exist, including identifying individuals who are Hispanic and obtaining good study participation.
Administrative databases may have no information or incomplete information to distinguish individuals of Hispanic ethnicity. Individuals with Hispanic surnames can be identified from existing databases by use of algorithms or matching (3) (4) (5) (6) (7) (8) (9) . The success of these approaches varies by geographic region in the United States and differs for males and females (3) (4) (5) . Data describing the incidence of disease in the Hispanic population may not be representative if individuals correctly classified by these methods differ from those who are misclassified.
Hispanics have been reported to have low rates of participation in studies (4, (10) (11) (12) (13) (14) (15) , and differences between participants and nonparticipants can introduce selection bias in case-control studies. Few studies have examined the characteristics influencing study participation among Hispanics (16) . Hispanics are more likely than non-Hispanic Whites in the United States to have low income and low educational levels (17) , factors which are recognized to be associated with nonparticipation in health research (18) . Older age negatively affects participation in studies; the extent to which this holds true in US Hispanics, who have a younger average age than the non-Hispanic population, has not been examined in detail. Language barriers can affect study participation, and lifestyle-and health-related behaviors are thought to vary according to language acculturation among US Hispanics (19) (20) (21) .
Education, income, and language use in communities are described by US Census data (22) . These community characteristics can inform comparisons of study participants with nonparticipants. In this report, we evaluate issues of identifying and recruiting Hispanic women for a case-control study in the US Southwest. Our objectives were to examine the validity of identification of Hispanics based on information obtained by cancer registries and a Hispanic surname search; to describe associations of age, ethnicity, and community characteristics with study nonparticipation for Hispanic and non-Hispanic White women; and to investigate whether factors influencing participation differ by casecontrol status.
MATERIALS AND METHODS
Study subjects were selected for a population-based casecontrol study of breast cancer. The selection, recruitment, and interview process have been described in detail in previous reports (23, 24) and are summarized below. The study included four centers, Arizona, Colorado, New Mexico, and Utah; this analysis considers subjects from New Mexico and Utah, who represent 53 percent of subjects selected for the study. (Arizona and Colorado were excluded from this analysis because these centers used different methods for control selection, and because ZIP codes for nonparticipants in Arizona and Colorado were not available.) This research was conducted in accordance with protocols approved by institutional review boards for human subjects' research at the University of Utah and the University of New Mexico.
Subject selection
Women with incident breast cancer were ascertained through the Utah Cancer Registry or the New Mexico Tumor Registry, both of which are US National Cancer Institute Surveillance, Epidemiology, and End Results Program registries. All Hispanic women aged 25-79 years diagnosed with primary breast cancer during October 1999-September 2002 in New Mexico and March 2000-September 2004 in Utah were selected for the study. An age-matched random sample of non-Hispanic White cases was selected. Control subjects, frequency matched on age and ethnicity, were randomly selected from computerized drivers' license lists for persons aged 64 years and younger and from Center for Medicare Studies' lists for those aged 65 years and older. A case or control was selected as Hispanic if her surname was selected by the Generally Useful Ethnic Search System (GUESS) Hispanic algorithm (4, 25) or matched by the Census Spanish Surname lists (3, 26) , or, for cases, if Hispanic ethnicity was recorded in cancer registry records from other information, for example, hospital charts.
Screening and recruitment
Each woman selected for the study received a letter informing her of the study, followed by a telephone call to screen for eligibility. During the screening, conducted in English or Spanish, each woman was asked, ''How would you describe your racial or ethnic group?'' (New Mexico) or ''Are you Spanish/Hispanic or Latina?'' followed by ''What is your race?'' (Utah). Women whose response was Hispanic or Latina, Native American, American Indian, White, Caucasian, or non-Hispanic White were considered eligible. Additional eligibility criteria included residence in the state at the reference date and being able to answer interview questions in English or Spanish.
Interview
Participants took part in an in-person interview in English or Spanish. (The questionnaire is available at https://zorro. hrc.utah.edu/.) Information was obtained about history of exposure to breast cancer risk factors, including diet, medical history, reproductive history, cigarette smoking, alcohol consumption, and physical activity. Women were also asked about their educational attainment, and Hispanic subjects were asked about their ability to read and speak English and Spanish. Interview data were used to create scaled variables for analysis, including a lifetime physical activity score, number of pack-years of smoking, and language acculturation score. Body mass index was calculated (weight (kg)/height (m) 2 ).
Community characteristics
We used data from the 2000 US Census (22) to describe community characteristics. We accessed publicly available census information about populations residing in each ZIP Code in New Mexico and Utah. The characteristics selected for analysis were as follows: percentage of households with income below the poverty level, percentage urban area, percentage of women aged 25 years or more who did not complete high school, percentage of women who are homemakers, percentage of the population who live in the same house as 5 years ago, percentage of the population who are Hispanic, percentage of Hispanic women aged 25 years or more who did not complete high school, and percentage of Hispanics who speak Spanish and do not speak English or do not speak English well. We matched these variables to each woman selected for the study by ZIP Code of residence. We were unable to geocode subjects to match census data at the more precise census tract or block group units because cancer registries did not release addresses for nonparticipants. Subjects whose residential ZIP Code did not match a 2000 US Census ZIP Code were excluded from analyses using census data. We created categorical variables using quartile cutpoints from the distribution in controls.
Data analysis
We assessed validity of identification as Hispanic from the surname search and cancer registry data by cross-tabulating ethnicity from these sources with self-report and calculating positive predictive value (PPV), the percentage of subjects classified as Hispanic by our initial methods (surname search and cancer registry data) who self-identify as Hispanic. The validity of surname search for cases could not be evaluated separately because the ''initial ethnicity'' variable provided by the cancer registries incorporated ethnicity data from all sources. We calculated sensitivity, the percentage of self-identified Hispanics correctly classified as such by the initial classification methods, and specificity, the percentage of self-identified non-Hispanics correctly classified as such by the initial classification. Sensitivity and specificity were calculated by use of weighting to account for sampling fractions, that is, to adjust for the fact that Hispanic and non-Hispanic participants were selected in different proportions from their representation in the population. We compared self-reported characteristics (education, body mass index, parity, and so on) of two groups of controls who self-identified as Hispanic during the screening interview: those who were selected by surname search as Hispanic and those initially selected as non-Hispanic, testing for differences using regression models, adjusting for age and study center.
Contact and cooperation rates were calculated as defined by the American Association for Public Opinion Research (27) . We calculated contact rates as the number of women whom we were able to contact and invite to participate in the study, excluding those determined to be ineligible, divided by the sum of the number of women known to be eligible plus those selected for whom eligibility was not determined. The result of this calculation is American Association for Public Opinion Research Contact Rate 1, a conservative definition of the contact rate in which subjects for whom eligibility can not be determined are retained in the denominator. This treatment of subjects of undetermined eligibility is commonly used in reporting participation from epidemiologic studies (28) . We considered a woman to have been contacted if study staff were able to reach her by telephone or if she returned a reply form declining participation. Noncontacts were women who made no reply to any study mailing and who could not be reached by telephone despite repeated attempts and tracing for new address and phone number information, plus women who moved out of the study area or were deceased after the selection date. Participants were women who took part in the study interview. We calculated cooperation rates as the number of eligible participants divided by the number of women who were contacted and invited to participate in the study, excluding women determined to be ineligible (27) . Contact rates and cooperation rates were summarized by age, case-control status, and ethnicity. The initial classification of ethnicity by the cancer registry or surname search was used for this analysis and subsequent analyses because self-report of ethnicity was not obtained for subjects who did not complete the screening. We assessed associations of age and ethnicity with contact and cooperation rates using multivariable logistic regression models, with adjustment for study center and age.
We assessed the validity of census variables as a proxy for individual characteristics in this population by calculating correlations between community characteristics, described by census variables, and self-reported characteristics of interviewed control subjects. The Spearman rank correlation coefficient (theta) and its associated p value were calculated for correlation between the census variable (percentages, treated as a continuous variable) and the interview variable (ordered categories).
We analyzed the associations between community characteristics, as described by census data, and nonparticipation. In this analysis, nonparticipants included both women who were not contacted and those who refused; women determined to be ineligible were excluded. Risk ratios for nonparticipation in the study were calculated by proportional hazards regression models, treating the population as a closed cohort, assigning an equal observation time for all subjects. Likelihood ratio tests of ordered categorical variables were used to evaluate trends in associations. To address possible selection bias, we used likelihood ratio tests of multiplicative interaction terms to test for case-control differences in characteristics associated with participation. SAS, version 9.1, software (SAS Institute, Inc., Cary, North Carolina) was used for statistical analysis.
RESULTS
Among controls and cases who were initially identified as Hispanic by surname search or cancer registry records and who completed the screening, 73.2 percent and 82.3 percent, respectively, identified themselves as Hispanic (table 1) . These percentages represent the PPV of identification as Hispanic by the surname search or by the combination of surname search and cancer registry records. PPVs were higher in New Mexico than in Utah. Identification as Hispanic using these methods had high specificity, greater than 95 percent for both controls and cases, but sensitivity was lower, 59.8 percent for controls and 71.6 percent for cases.
We compared self-identified Hispanic control subjects who were initially identified as Hispanic by surname search with self-identified Hispanic women who were initially misclassified, that is, whose surnames had not been identified as Hispanic (table 2) . The women identified by surname search had lower levels of English language acculturation, less education, and higher body mass index.
We next examined study contact and cooperation rates in relation to initial identification for the study as Hispanic or non-Hispanic White and in relation to age. A total of 2,063 Hispanic controls, 1,014 Hispanic cases, 3,923 non-Hispanic White controls, and 1,846 non-Hispanic White cases were selected for the study. Of these, 287 Hispanic controls, 71 Hispanic cases, 371 non-Hispanic White controls, and 52 non-Hispanic White cases were determined to be ineligible; outcomes for the remainder are shown in table 3. Hispanic women were less likely to be contacted and, if contacted, less likely to participate in the study than non-Hispanic White women (table 3) . The contact rate for Hispanic controls was 13 percent lower than that for non-Hispanic White controls (age-adjusted p < 0.0001), and the difference between the groups in cooperation rates for controls was 9 percent (p ¼ 0.0005). Older age among Hispanic women was associated with higher contact rates but lower cooperation rates. The decline in cooperation with age was somewhat stronger for Hispanics than non-Hispanics (in a test for interaction, p ¼ 0.10).
Community characteristics from census data were matched by ZIP Code to each individual selected for the study. ZIP codes for 124 Hispanics (4.6 percent) and 234 non-Hispanic Whites (5.0 percent) were not found in census data; these represent either post office box addresses, new ZIP codes created after 2000, or invalid ZIP codes. We observed that educational status in the community as represented in the census data, specifically the census variable for percentage of women in the community who completed high school, correlated with several characteristics reported by control participants (data not shown in tables). The census education variable showed positive correlations with educational attainment reported by Hispanics (Spearman's correlation coefficient, theta ¼ 0.282, p < 0.01), age at first birth for non-Hispanic White women (theta ¼ 0.180, p < 0.01), alcohol consumption for both ethnic groups (theta ¼ 0.122 for Hispanics, p ¼ 0.01; and theta ¼ 0.172 for non-Hispanic Whites, p < 0.01), and physical activity for both groups (theta ¼ 0.130 for Hispanics, p < 0.01; and theta ¼ 0.061 for non-Hispanic Whites, p ¼ 0.05), as well as an inverse correlation with parity for Hispanic women (theta ¼ ÿ0.144, p < 0.01). The census variable for percentage of Hispanics in the community who speak English well was correlated with self-report of language acculturation by Hispanics (theta ¼ 0.276, p < 0.01).
Community characteristics of women who were selected but did not participate in the in-person interview for the study were similar to those of participants (table 4) . There were no statistically significant trends in associations between community characteristics and participation among Hispanics overall nor among Hispanic controls or cases separately. The risk ratios that fell farthest from the null, for both Hispanics and non-Hispanic Whites, were for variables describing education and language. Hispanic controls and cases who lived in communities in the quartile with the highest percentage who do not speak English well were estimated to be 9 percent and 23 percent, respectively, more likely to be nonparticipants. Hispanic controls and cases living in communities that fell in the highest quartile of Hispanic women not graduating from high school were estimated to be 14 percent and 18 percent, respectively, more likely to be nonparticipants. These nonsignificant trends were in the same direction for cases and controls. Tests for interaction revealed no evidence of case-control differences in community characteristics associated with participation among Hispanics. Trends in association between community characteristics and participation were stronger for non-Hispanic White cases than for controls, with the case-control difference in trend reaching statistical significance for the percentage of Hispanic women who did not complete high school (p ¼ 0.04) and the percentage of Hispanics who did not speak English well (p ¼ 0.02).
DISCUSSION
The GUESS algorithm and census Hispanic surname search, with or without cancer registry data, had an overall PPV of greater than 70 percent for identifying Hispanic women in New Mexico and Utah. The PPVs in this study were higher than the 47 percent PPV reported for identification of Hispanic breast cancer cases (5) and the 55.7 percent PPV for Hispanic female health plan members (6) y p value from a test for nonzero correlation (Cochran-MantelHaenszel statistic), adjusted for age and study center.
z p value from a linear regression model, adjusted for age and study center.
§ Postmenopausal women only.
using similar methods in northern California. The PPVs were highest in New Mexico, which can be attributed in part to the high proportion of Hispanics, 42 percent, in the state's population (22) and to the development of the GUESS program in New Mexico (4). High racial and ethnic diversity in northern California, particularly the presence of many Filipino individuals with surnames identified as Hispanic, has been noted to adversely affect the validity of Hispanic surname searches in that region (7) . Surname searches improve the identification of Hispanics in administrative databases, such as those of cancer registries (5), health management organizations (6) , and Medicare (7). Our results are in agreement with those of previous studies reporting sensitivities in the range of 58-82 percent for identification of females as Hispanic by computer surname search, alone or in combination with other records (3-6). Stewart et al. (5) estimated that breast cancer incidence for Hispanics in northern California would have a negative relative bias (calculated as the ratio of sensitivity to PPV, minus one) of ÿ20 percent if based on ethnicity reported to the cancer registry alone, but that adding the GUESS search resulted in a positive relative bias of 28 percent. GUESS is not widely used outside New Mexico, and data reported by Stewart et al. (5) from northern California indicate low specificity in that population. However, because of the high PPV of census Spanish surname match and GUESS in New Mexico and Utah, we estimate that there is not a positive relative bias for the application of these methods to cancer registry data in these states.
At the sensitivities reported by us and others, a significant portion (18-42 percent) of self-identified Hispanic women will not be identified as such by surname searches. Our comparison of Hispanic control subjects who were correctly identified as Hispanic by surname search with Hispanic * Ethnicity categories for this analysis are based on initial information from cancer registry records or surname search. y Eligible and participated in the study interview. z Made no reply to any study mailing and could not be reached by telephone, or moved out of the study area after the selection date, or deceased. Eligibility was not confirmed for these subjects.
§ Refused the study either after being screened and determined eligible or without completing screening. For the 459 Hispanic controls, 218 Hispanic cases, 812 non-Hispanic White controls, and 361 non-Hispanic White cases who refused without completing screening, eligibility was not confirmed.
{ The numerator for the contact rate is subjects who participated plus subjects who refused; the denominator is the sum of the three columns, participated, not contacted, and refused. Contact rates differed by ethnicity; in a logistic regression model adjusted for age and study center, p < 0.0001 among controls and p ¼ 0.02 among cases.
# The numerator for the cooperation rate is subjects who participated; the denominator is the sum of subjects who participated and subjects who refused. Cooperation rates differed by ethnicity; in a logistic regression model, adjusted for age and study center, p ¼ 0.0005 among controls, and p < 0.0001 among cases. ** p value for a trend of increasing or decreasing contact or cooperation rates with age (adjusted for study center). women who were initially misclassified revealed differences in language acculturation, educational attainment, and body mass index. Our data and those of others (8) indicate that misclassification of Hispanic ethnicity by surname search is nonrandom, so that Hispanic women identified by surname searches will not be entirely representative.
Study Participation by
Researchers working in New Mexico in prior studies (4) and in other parts of the United States (11) (12) (13) (14) (15) have reported low participation rates in health studies for Hispanics compared with non-Hispanic Whites, although some researchers in northern California have obtained high cooperation rates for Hispanics (29, 30) . In our study, the patterns of noncontact and noncooperation differed by age. Young Hispanic controls were hard to find but, if contacted, were almost as likely as young non-Hispanic Whites to participate in the interview. A high proportion of older Hispanic women were unwilling to be interviewed. Similar trends of higher contact rates, but lower cooperation rates, with age were reported for Black female controls in a study in North Carolina (31) , and success in contacting or tracing younger Hispanics has been low in other studies (15, 32) . Greater residential stability of older adults may contribute to better contact rates.
We found no significant associations between any community characteristic described by census variables and study participation. The strongest, although nonsignificant, influences on nonparticipation were low educational levels or a high percentage of Hispanics who do not speak English well. The nonsignificant trends that we observed were qualitatively in agreement with prior observations that a high proportion of non-English speakers in a community (33) or a low literacy level among Latinos (16) adversely influences participation. However, our approach was distinct from that of Link et al. (33) , who evaluated participation by all racial and ethnic groups as one outcome, and from that of Frack et al. (16) , who reported on follow-up in a longitudinal study. We found that no characteristic affected participation by Hispanic cases differently from controls. The education and language of Hispanics were associated with a case-control difference in study participation by nonHispanics. This finding may be due to chance, given that a number of comparisons were made. Given lower overall participation by controls, differences between participants and nonparticipants might be expected among controls, but in this example they were observed for cases. Education and language use among Hispanics may be indicators of community social structure characteristics that affect study participation for non-Hispanics.
Census measures of education and language were significantly correlated with self-reported language and education of controls and with exposures that influence breast cancer risk. Thus, correlation between community characteristics measured by the census variables and characteristics of individuals in our sample supports the validity of using census characteristics to evaluate potential selection bias. However, the correlation coefficients were low, and therefore our analysis of the influence of community characteristics on nonparticipation may underestimate individual-level differences between participants and nonparticipants. Even if the effects of factors influencing participation are understated because of z p trend is the significance of the trend in association between the community characteristics and study participation, calculated for cases and controls combined. § p interaction is the significance of the test for interaction between case-control status and trend in the census variable.
{ ''Yes'' indicates participated in the in-person interview for the study; ''no'' indicates nonparticipation, including both subjects whom we were unable to contact and subjects who were contacted but refused the study. Individuals who were selected for the study but determined to be ineligible are excluded.
# Totals differ from the numbers of subjects in tables 2 and 3 because 124 Hispanics and 234 non-Hispanic Whites for whom residential ZIP Code was not matched by 2000 Census data are excluded. ** Risk ratio and 95% confidence interval of being a nonparticipant according to census characteristics for the individual's ZIP Code of residence; risk ratios, 95% confidence intervals, and trend tests were estimated from a proportional hazards regression model, adjusted for age and study center.
Study Participation by Hispanic Women 1217 the ecologic nature of the census data, several qualitative conclusions likely hold true: The direction and magnitude of trends for factors influencing study participation were similar for Hispanic cases and controls; education and language are the strongest identifiable selection factors for Hispanic and non-Hispanic subjects; and, exposures relevant to breast cancer risk correlate with education and language in the community. Thus, despite disappointing participation rates, there is no evidence of serious differential selection bias in recruitment of Hispanics for this case-control study. Adjusting case-control comparisons for education and language characteristics of individuals and communities would be a good practice, to take into account residual case-control differences introduced by nonparticipation. Incomplete identification of Hispanics and low rates of study participation by Hispanics are obstacles to research on the health of diverse populations in the United States. Our data confirm a previous report (8) that Hispanics who are identified by surname differ from those who are not. We found no evidence of significant differences, other than age, between Hispanic study participants and nonparticipants.
